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that can result in limb-threatening ischemia. Vascular sur-
geons and interventional radiologists using percutaneous
thrombin injection should be aware of this potential com-
plication, its predisposing factors, and its possible treat-
ment modalities. We present an illustrative case that helps
to elucidate these issues.
CASE REPORT
A 59-year-old man presented with a 3-month history of a
nontender pulsatile right lower quadrant mass just above the
inguinal ligament. The lower extremities were well vascularized
with palpable peripheral pulses and no ischemic symptoms. Distal
ankle/brachial indices were 0.95 bilaterally. The patient had a
long history of osteoarthritis and had undergone bilateral redo
total hip arthroplasties several years earlier. This right lower quad-
rant mass had first been apparent shortly after attempted injec-
tions for ongoing chronic right hip discomfort and had been
present for several months. Diagnostic ultrasound scan was per-
formed, followed by a computed tomography examination and an
angiogram. These revealed a 5.5 × 5.3 × 3.5-cm saccular pseudo-
aneurysm arising from the distal right external iliac artery (Fig 1).
The neck of the aneurysm measured 2 to 3 mm in diameter, and
there were no other arterial abnormalities.
Given the success reported at our institution3 and else-
where4-7 with nonoperative approaches to pseudoaneurysms, an
attempt was made to induce pseudoaneurysm thrombosis with
percutaneous thrombin injection. This was performed in an
endovascular suite with the patient under a local anesthetic.
Under ultrasound guidance, Thrombin (Johnson & Johnson,
Somerville, NJ) was percutaneously injected in 0.1-mL incre-
ments (1000 U/mL). The procedure was stopped after 1 mL
(1000 units) was injected and approximately 80% of the pseudo-
aneurysm appeared thrombosed on ultrasound scan. The patient’s
right leg remained well vascularized with palpable pedal pulses.
Unfortunately, a subsequent ultrasound scan revealed only
partial (approximately 50%) thrombosis of the pseudoaneurysm
24 hours later. Repeat injection was attempted under ultrasound
guidance after temporary balloon occlusion of the pseudo-
aneurysm neck to further stimulate thrombosis. With the patient
under a local anesthetic, a 6F sheath was inserted in the right
common femoral artery. A 7-mm diameter angioplasty balloon
The treatment of iatrogenic arterial pseudo-
aneurysms has recently shifted from surgical repair to
radiologically guided techniques. These newer methods
include ultrasound-guided compression1-3 and percuta-
neous thrombin injection.4-7 Although both methods have
proved effective, proponents of thrombin injection have
reported a more rapid response, less patient discomfort, and
greater efficacy than ultrasound-guided compression.8
Most published series in which percutaneous throm-
bin injection is described are largely composed of acute,
postcatheterization femoral pseudoaneurysms that have
required small amounts of thrombin to achieve near
instantaneous thrombosis.5-8 Successful obliteration has
been achieved in 93%8 to 100%7 of cases. Although the
possibility of native arterial thrombosis is recognized, few
cases have been reported. Those that have include two
cases of percutaneous thrombin injection of brachial artery
pseudoaneurysms.9,10 One of these instances of brachial
artery thrombosis resolved spontaneously,10 whereas the
other required surgical intervention.9 Instances of femoral
artery thrombosis after attempted percutaneous thrombin
injection of a pseudoaneurysm have only been mentioned
briefly in the literature and were attributed to the injection
of excessive volumes of thrombin.10 All were successfully
treated with catheter-directed thrombolysis.
The potential for native artery thrombosis after
thrombin injection is recognized as a severe complication
1093
From the Division of Vascular Surgerya and the Department of Radiology,b
London Health Sciences Centre, University of Western Ontario.
Competition of interest: nil.
Reprint requests: Dr T. L. Forbes, Division of Vascular Surgery, London
Health Sciences Centre, University of Western Ontario, 375 South St,
Suite N380, London, Ontario, Canada, N6A 4G5 (e-mail:
Tom.Forbes@lhsc.on.ca).
Copyright © 2001 by The Society for Vascular Surgery and The American
Association for Vascular Surgery.
0741-5214/2001/$35.00 + 0 24/4/114208
doi:10.1067/mva.2001.114208
Femoral artery thrombosis after percutaneous
thrombin injection of an external iliac artery
pseudoaneurysm
Thomas L. Forbes, MD, FRCSC,a and Steven F. Millward, MD, FRCPC,b London, Ontario
Ultrasound-guided percutaneous thrombin injection has been developed as a less invasive and highly successful treat-
ment of iatrogenic femoral pseudoaneurysms. Most of these lesions have been the result of catheterization procedures.
This method has proved to be highly effective, and few complications have been reported. Specifically, native arterial
thrombosis, although recognized as a severe complication, has been mentioned only briefly in the literature. We pre-
sent a case of the successful management of native arterial thrombosis after attempted percutaneous thrombin injection
of a chronic external iliac artery pseudoaneurysm. This case serves to illustrate the risk factors for this complication
and the treatment options once it occurs. The success of this treatment with acute iatrogenic femoral pseudoaneurysms
may not necessarily translate into similar success in other anatomic locations and clinical situations. (J Vasc Surg
2001;33:1093-6.)
was placed across the origin of the external iliac artery pseudo-
aneurysm. With balloon inflation, cessation of flow within the
pseudoaneurysm was confirmed with color Doppler ultrasound
scan. With ultrasound guidance and the angioplasty balloon
inflated, 0.1- to 0.2-mL increments of thrombin (1000 U/mL)
were injected percutaneously into the pseudoaneurysm with a 22-
gauge needle. After each injection, balloon occlusion was main-
tained for 3 to 5 minutes after which progression of thrombosis
was reassessed with ultrasound scan. The needle was repositioned
several times, ensuring that it remained in the peripheral aspect of
the aneurysm and away from the neck. Progressive thrombosis
was achieved with a total of 1.5 mL (1500 units) of thrombin
(Fig 2). After the final injection and subsequent balloon deflation,
the patient experienced severe pain in his right foot. His foot was
pale and showed signs of dense ischemia. Pedal and popliteal
pulses and Doppler scan signals were absent. An arteriogram
revealed thrombus in the external iliac and common femoral
arteries and occlusion of the popliteal artery with no distal runoff
(Fig 3).
The patient was taken to the operating room for urgent
exploration and thrombectomy. Before induction of general anes-
thesia, the foot showed some improvement but remained severely
ischemic. Exploration and thrombectomy of the right common
femoral artery and patch angioplasty resulted in reasonable perfu-
sion of the right foot. The below-knee popliteal artery was also
explored with thrombectomy of the anterior tibial artery and the
tibioperoneal trunk to optimize runoff. This resulted in a well-
vascularized lower extremity with palpable pedal pulses. The
patient did well postoperatively, with distal ankle/brachial indices
returning to the 0.9 range. Unfortunately, a subsequent ultra-
sound scan revealed continued perfusion of the pseudoaneurysm.
Two months later this aneurysm was repaired through a
retroperitoneal approach and patch angioplasty of a small defect
in the external iliac artery. The patient did well postoperatively,
and his lower extremity remains well perfused. 
DISCUSSION
Percutaneous ultrasound-guided thrombin injection has
proved to be a safe and effective method of achieving throm-
bosis of acute iatrogenic femoral pseudoaneurysms.4-8 Few
systemic complications of thrombin injection have been
described, although rare episodes of anaphylaxis have been
reported.11 There have been only a few brief reports in
which native arterial thrombosis after thrombin injection is
described. Lennox et al9 describe brachial artery thrombo-
sis after thrombin injection of a brachial artery pseudo-
aneurysm. Although the ischemic hand improved clinically,
surgical thrombectomy was necessary to fully revascularize
it. Kang10 has described a similar case involving a brachial
artery pseudoaneurysm and thrombosis of the native artery
that resolved spontaneously with anticoagulation. Both of
these complications were thought to be related to the vol-
ume of thrombin injected, the rate of administration, and
the size of the neck, which allowed for leakage of thrombin
from the aneurysm cavity into the native circulation.
Kang10 also describes personal communications with other
surgeons who have experience with femoral artery throm-
bosis after thrombin injection of femoral pseudoaneurysms.
These were thought to be the result of excessive volumes of
thrombin injected and were successfully treated with
catheter-directed thrombolysis. We are unaware of any
other published reports of this complication.
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Fig 1. Angiogram revealing large iatrogenic pseudoaneurysm of
right external iliac artery.
Fig 2. Progressive thrombosis of pseudoaneurysm (arrow) was
achieved with multiple percutaneous injections of small amounts
of thrombin.
Fig 3. Angiogram revealing thrombus in superficial femoral
artery and abrupt occlusion of popliteal artery after leakage of
thrombin into native arterial system.
Although developed for femoral pseudoaneurysms,
thrombin injection has been used in other anatomic loca-
tions. A pseudoaneurysm of the ascending aorta has been
treated with large volumes of thrombin (6500 units),12
and there are several reports of successful thrombosis of
upper extremity pseudoaneurysms of the axillary13 and
subclavian arteries.14 Concern has been raised about
native artery thrombosis with thrombin injection of
pseudoaneurysms originating from smaller vessels.9
However, pseudoaneurysms of the superficial temporal
artery, the tibial arteries, and the mesenteric arteries15-17
have been successfully treated without thrombotic compli-
cations. As with this case, several of these pseudo-
aneurysms have been more chronic in nature16,17 as
opposed to more acute iatrogenic femoral lesions. It is
unclear whether there is a diameter for which thrombin
injection of a pseudoaneurysm is inappropriate. Femoral
pseudoaneurysms up to 7.0 cm in diameter have been suc-
cessfully thrombosed with this technique.7 Of more
importance in ensuring safe and successful thrombosis
may be the size of the aneurysm neck. Aneurysms with
necks up to 8 mm in diameter have been successfully
thrombosed.18 Either way, this aneurysm and its neck
were well within the size range in the literature that has
been successfully treated with thrombin injection.
The amount of thrombin necessary for thrombosis has
steadily decreased as experience with this technique is
obtained. Recently, doses have ranged from 100 units8 to
2500 units7 for individual cases of femoral pseudo-
aneurysms. In our case, 2.5 mL (2500 units) was used
over the two treatment sessions. Although complete
thrombosis can occur in as little as 10 to 150 seconds,7
incomplete thrombosis has been reported that requires
further interventions. Coil embolization has been used to
definitively treat a hepatic artery pseudoaneurysm after
partial thrombin–induced thrombosis.19 Coils have also
been delivered percutaneously as the sole treatment of
iatrogenic femoral pseudoaneurysms.20 Also, persistently
perfused pseudoaneurysm necks remaining after thrombin
injection have been followed with up to 80% sponta-
neously thrombosing.10 However, in this case both the
neck and a portion of the aneurysm cavity remained per-
fused after the initial series of thrombin injections. In addi-
tion, the proportion of the aneurysm that was successfully
thrombosed decreased from 80% immediately after injec-
tion to 50% the following day. For these reasons it was
unlikely that expectant management would have been suc-
cessful in achieving complete aneurysm thrombosis. In
our case coil embolization was considered as the initial
treatment or as an adjunct to thrombin injection.
However, there was concern about the number of coils
necessary to adequately pack this aneurysm.
After the initial unsuccessful attempt at inducing
thrombosis, it was decided that an adjunctive measure
along with thrombin would be necessary to successfully
treat this aneurysm. We were still optimistic that operative
intervention could be avoided. An angioplasty balloon was
inflated to occlude inflow in the hope of promoting more
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complete pseudoaneurysm thrombosis. This has been
used previously to occlude inflow and to prevent leakage
of thrombin into the native vessels.16,21 Two principal
techniques have been used to prevent inadvertent injec-
tion of thrombin into the adjacent artery. Several authors
have stressed the importance of compression of the
pseudoaneurysm neck during injection.22 Others have
relied on puncture away from the neck, where the direc-
tion of flow is away from the neck.23 In our case cessation
of aneurysm perfusion was confirmed definitively with
color Doppler ultrasound scan and was maintained for sev-
eral minutes. The patient remained completely asymp-
tomatic during the episodes of balloon occlusion. It was
only after balloon deflation that there was almost immedi-
ate severe ischemia of the lower extremity. Immediate
angiography revealed complete absence of distal arterial
flow, indicative of distal arterial thrombosis. It is concern-
ing that balloon occlusion did not prevent this severe
complication. In fact, balloon occlusion may have been
partially responsible for this complication. It is thought
that interruption of pseudoaneurysm perfusion may slow
the thrombotic process induced by thrombin.9 With bal-
loon deflation the sudden reperfusion of the aneurysm
resulted in a distal washout of thrombin and fresh clot.
There was some improvement in the clinical status of the
leg before operative intervention, although it remained
densely ischemic. This clinical improvement has been
observed previously and is presumably due to an element
of natural fibrinolysis.10
Although catheter-directed thrombolysis has been suc-
cessfully used to treat iatrogenic femoral thrombosis,24 our
patient was taken to the operating room for surgical
thrombectomy. Both the femoral and below-knee popliteal
arteries were thrombectomized to maximize outflow. If the
leg had not improved intraoperatively, catheter-directed
thrombolysis with tissue plasminogen activator would have
been considered. Fortunately, with postoperative intra-
venous heparin the distal microvasculature cleared ade-
quately to provide adequate lower extremity perfusion.
Initially, endovascular placement of a covered stent
across the pseudoaneurysm neck was considered. This has
been described with iatrogenic iliac artery injuries25 and
with pseudoaneurysms of the iliac and superficial femoral
arteries.26,27 However, there was concern about the long-
term patency of this form of treatment given the relative
mobility and tortuosity of the external iliac artery. When it
was used for similar indications in the subclavian and
common iliac arteries, early stenoses at both ends of the
covered stent have developed resulting in subsequent oc-
clusion.28 As this technology continues to develop,
endovascular stenting is likely to become a primary treat-
ment option for pseudoaneurysms in locations that are less
accessible to percutaneous thrombin injection.
In conclusion, although percutaneous thrombin injec-
tion has proved to be a safe and effective technique for the
treatment of iatrogenic femoral pseudoaneurysms, this suc-
cess cannot be automatically transferred to those lesions in
other anatomic locations. Large, chronic pseudoaneurysms
of other arteries may behave differently in this regard than
more acute iatrogenic femoral pseudoaneurysms. This
case demonstrates that when small, incremental doses of
thrombin do not result in rapid pseudoaneurysm throm-
bosis adjunctive measures should be considered or throm-
bin injection abandoned. Although balloon occlusion of
the neck has been reported to further induce aneurysm
thrombosis, it does not necessarily prevent thrombin leak-
age into the native arterial system. In fact, with balloon
deflation there is the risk of distal washout of thrombin
and fresh clot from the pseudoaneurysm. With leakage of
thrombin into the native arterial system and resultant
ischemia, there may be enough clinical improvement due
to natural fibrinolysis to obviate the need for further inter-
vention. However, if the limb remains ischemic, successful
limb salvage can occur with surgical thrombectomy and
anticoagulation with catheter-directed thrombolysis used
as a possible supplement to treatment.
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